The prevalence of substance-related problems has been shown to vary between Canadian provinces, but little else is known about the pattern of geographical differences. In this study, we modelled these differences, using methods of spatial analysis, and attempted to determine whether they are explained by known risk factors.
A ccording to 2 national household surveys conducted between 2002 and 2004, about 80% of Canadians aged 15 years and older have consumed alcohol in the past year, and 13% to 15% have used illicit drugs over the same period. 1, 2 Nine percent of past-year drinkers and 18% of past-year illicit drug users report experiencing social and personal harms associated with their use of substances, including problems related to their physical health, interpersonal relationships, finances, work or studies, and legal situation. 1 In 2002, an estimated 2.6% of Canadians were dependent on alcohol, and 0.8% were dependent on illicit drugs. 2 It is estimated that a combined total of $23 billion was spent in Canada on alcohol and illicit drug use and misuse in 2002, including direct health care and law enforcement costs and indirect productivity losses. 3 Reports suggest that the prevalence of substance use and related problems varies across Canada, being generally lower than the national level in Atlantic Canada and higher in the western provinces. 1 In contrast to these provincial differences, there are no consistent differences in substance use or related problems between urban and rural respondents. Living in a rural area has been linked with lower levels of illicit drug use but is unrelated to numerous indicators of alcohol use and problems 1 or to substance dependence. 2 Although these studies provide preliminary information on the geographical distribution of substance problems in Canada, they do not address the potential explanations underlying these differences. Area-level variation may be influenced by contextual factors, such as the availability and social acceptability of drugs and alcohol in a given region, as well as by variation among regions in the prevalence of known individual-level risk factors. In particular, male sex and younger age are consistently and strongly related to most indicators of drug and alcohol use, problems, and dependence. 1, 2 The rate of alcohol dependence, for example, was recently estimated at 8.6% among those aged 20 to 24 years, compared with about 2% among those aged 35 years and older. 2 In the same study, the prevalence of both drug and alcohol dependence was also significantly higher among those who were single, had low income, or had low education.
Existing work on the spatial distribution of substance use and related problems has concentrated on interprovincial differences in prevalence, addressing only part of the more general issue of geographical variation. To achieve a better understanding of this question, a growing number of studies have used more complex analytic techniques to examine spatial variation or the influence of area of residence. [3] [4] [5] [6] [7] [8] These studies have consistently reported small but significant effects for area influences.
Although survey data have been used previously to examine geographical differences in substance use problems, the present analysis differs from existing work in several ways. First, we consider all problematic substance use, rather than limiting our analysis to substance dependence only. By taking this broader public health approach, we are able to examine the geographical distribution of substance-related problems without restricting the applicability of our results to those with only the most severe diagnostic classification. Second, we formally test for variation across provinces and also examine differences among CMAs. Finally, we use analytic techniques that do not rely on administrative regions but, instead, make use of the nearest available approximation to actual respondent locations. Differences between provinces are both interesting and important, particularly to those involved in policy analysis and development; however, analyzing data only at this level ignores the fact that the true patterns of prevalence do not necessarily respect provincial boundaries.
The objectives of this study, therefore, are to describe the geographical variation in the prevalence of substance-related problems in Canada and to determine whether these differences are independent of known risk factors for substance problems.
Methods
The CCHS 1.2 is a nationally representative survey of mental health, gambling, and substance use conducted by Statistics Canada between May and December 2002. The target population included individuals aged 15 years or older living in private dwellings. Individuals living in health care institutions, on First Nations Reserves, on government-owned land, in 1 of the 3 northern territories, or in remote regions were excluded. This sampling frame includes 98% of the Canadian population. From the initially selected 48 047 households, there was an 86.5% household-level response rate, and among responding households, there was an 89.0% individual-level response rate, yielding an overall response rate of 77.0% and a total sample size of 36 984.
Problematic substance use is defined as the presence in the previous 12 months of one or more problems related to the use of substances, including negative psychosocial consequences and symptoms of dependence. We selected this definition to be inclusive with respect to the negative consequences of substance use; however, it should be noted that it is likely to be somewhat more liberal with respect to severity and impairment requirements than formally defined substance-related psychiatric disorders. The specific questions on substance use problems differed for alcohol and illicit drugs; these are listed in full in Appendix 1, which is available upon request from the first author.
Analysis
Several geographical identifiers were available in the data, including the 6-digit postal code, CMA, and province. Analyses were performed at each of these levels. We first calculated estimates of the prevalence of substance use problems for the largest administrative areas in the analysis; these could be done for provinces and for the 3 largest CMAs (Toronto, Montreal, and Vancouver). We also calculated rates for respondents living in all other CMAs, resulting in a rate for residents of mid-sized urban areas and for those living outside a defined CMA (rural respondents).
We then conducted a logistic regression analysis, adjusting for selected risk factors for substance-related problems. These risk factors included age, sex, education, marital status, immigrant status, income adequacy, unemployment, chronic physical health conditions, and psychiatric comorbidity. We considered it particularly important to model age because it is a strong and consistent predictor of substance abuse 9,10 and because we observed that age distributions varied between regions. On the basis of the observed relation between age and outcome, we modelled age as a 2-part linear spline with a knot at age 19 years. Province of residence (reference category = Ontario) was then added to the logistic regression model to test whether interprovincial differences could be explained by differences in known risk factors. To correct for the complex multistage design of the CCHS, we bootstrapped bivariate tests and regression models, using WesVar 4.2 and a set of replicate weights supplied by Statistics Canada.
In the third stage of the analysis, we attempted to identify geographical patterns in substance-related problems by producing "smoothed" prevalence maps based on individual respondent locations. With the help of a postal code conversion file containing latitude and longitude coordinates for the centre point of all Canadian postal codes, we assigned each respondent a geographical location. We then used interpolation methods to produce maps showing large-scale differences in prevalence. As we have noted, the advantage of this approach is that it allows the true pattern of variation to emerge. We chose to use global polynomial interpolation, 11 a simple deterministic method that produces a high degree of smoothing. This method is useful for modelling large-scale variation, which, given the sparseness of the data in some areas, we felt to be the most appropriate goal of this part of the analysis. A fourth-order polynomial model was used, since this provides scope for reasonably complex large-scale variation. We used ArcGIS 9.0 (ESRI, Redlands, CA), a package of geographical information systems software, to map results and perform interpolations.
Finally, we searched for statistically significant areas of high prevalence by using spatial cluster scanning. 12 Cluster scanning is a method of exhaustively searching a region for circular areas where a disorder (or other outcome) is more common than would reasonably be expected through chance. Scan results reveal whether the condition is randomly distributed geographically, as well as the locations and sizes of the specific clusters identified. We used SaTScan 3.1, a free software package originally developed at the United States National Cancer Institute, for this analysis. To correct for the multistage sampling design, we obtained rescaled survey weights by first dividing the master sampling weight of each respondent by the mean weight and then dividing by the overall survey design effect, which was 2.3. We report here only the general pattern of cluster scan results because of concerns raised by Statistics Canada over possible disclosure of the location of survey sampling units.
We conducted 2 cluster scans. The first simply identified areas with significantly more cases than expected under the null hypothesis that the distribution is random. The second adjusted for the covariates included in the logistic regression model by comparing the pattern of observed cases to that predicted, with the latter calculated as the sum of the predicted probabilities for individuals located at each postal code, multiplied by the sum of their sampling weights. As with the logistic regression model, this process enabled us to examine the extent to which the pattern of unadjusted results was changed by taking into account known risk factors.
Results
We estimated the prevalence of substance use problems in Canada at 11.0% (95%CI, 10.5% to 11.4%). Estimates were lowest in Ontario and Quebec (Figure 1 ) and were significantly higher than the national average in Nova Scotia, Manitoba, Saskatchewan, Alberta, and British Columbia. Among major CMAs, the prevalence was lowest in Toronto (7.8%; 95%CI, 6.5% to 9.0%) and Montreal (8.1%; 95%CI, 6.3% to 9.9%) and somewhat higher in Vancouver (10.8%; 95%CI, 8.9% to 12.6%). The prevalence of substance use problems among respondents in mid-sized CMAs was 12.6% (95%CI, 11.9% to 13.3%), while that among respondents living outside any defined CMA was 12.0% (95%CI, 11.3% to 12.7%). Table 1 reports the results of the multivariable model. The odds of past-year substance-related problems were higher among men and among respondents who were younger, single or formerly married, born in Canada, and unemployed. People with a postsecondary diploma had lower odds of substance use problems relative to those with a high-school education. The odds of substance problems were also elevated among those with physical and mental health conditions, especially past and current mood disorders (major depression and mania). When province of residence was added to this model, with Ontario as the reference category, provincial effects were significant for British Columbia (OR 1.36; 95%CI, 1.16 to 1.59; P < 0.001), Manitoba (OR 1.28; 95%CI, 1.05 to 1.55; P = 0.01), Nova Scotia (OR 1.25; 95%CI, 1.03 to 1.52; P = 0.02), and Quebec (OR 0.77; 95%CI, 0.65 to 0.91; P = 0.002).
The interpolated map ( Figure 2 ) suggests that the prevalence of substance use problems is lowest in the densely populated corridor between Toronto and Quebec City, a result consistent with the CMA-level estimates. It should be noted that the extension of the low-risk region of the interpolated map to southern Labrador and northern Newfoundland is almost certainly artifactual, being due to the low number of respondents in these areas and not to low rates of substance-related problems.
We identified 14 statistically significant spatial clusters of high prevalence, which included among them about 10% of the survey sample. By far the largest of these clusters was located in southeastern British Columbia and southwestern Alberta. Ten of the remaining 13 clusters were located in Toronto, Montreal, or their suburbs. All but one cluster reappeared, with slight differences in size and location, after adjustment for the covariates in the logistic regression model.
Discussion
The general pattern of results indicates that problematic substance use is more prevalent in western and eastern Canada than in Ontario and Quebec. The strongest provincial effect was observed for British Columbia, and it remained highly significant after adjustment for covariates. The possibility that this finding is due to a greater availability of illicit drugs, either because of local cannabis cultivation or because Vancouver is a port of entry for drugs produced elsewhere, seems not to be supported by the data. The proportion of case subjects in British Columbia meeting the criteria for illicit drug-related problems (as opposed to alcohol only) was 28%, the same as the national average, indicating that both alcohol and drug problems are more common in that province. The fact that the crude prevalence rates for all 4 western provinces were significantly higher than that for the country as a whole supports earlier reports of elevated levels of substance-related problems in this region. 13 Interestingly, recent research indicates that rates of other psychiatric disorders and of crime are also higher in western Canada, suggesting that differences in rates of substance-related problems should be viewed as part of a larger disparity. 13, 14 The prevalence of substance-related problems is lowest in Quebec and Ontario. Analyses at the CMA level and the interpolated map, however, suggest that it is perhaps more accurate to state that the difference is between the strip of densely populated territory between Toronto and Montreal and the rest of the country.
The correlates of problematic substance use are generally consistent with those reported in the literature. The apparently low prevalence among immigrants is of particular interest. Immigrant settlement patterns provide one potential explanation of area variations in substance-related problems; immigrants composed 30% of the CCHS sample in Ontario and British Columbia but less than 5% in Atlantic Canada. It should be noted, however, that interprovincial differences appear generally to not be accounted for by different proportions of immigrants in this sample because the province of residence remained a significant predictor of substance problems after controlling for immigrant status. Previous research has also found that the risk of nonsubstance-related psychiatric disorders among immigrants varies by place of origin but also increases with length of residence in Canada. 15 If this pattern holds true for substance use disorders, it may be an important explanation for the comparatively low rates of substancerelated problems in major urban centres: large cities are often the first place of settlement for new immigrants. Since our model did not take into account differences within the group of immigrants, it is also possible that these variables play a role in interprovincial differences.
Apart from the possible role of immigration, lower rates in urban areas could also be related to internal migration, to greater availability of treatment, and to generally better educational attainment and financial security. Although their numbers are likely not great enough to explain much of the difference, it is also important to note that urban populations at very high risk, including the homeless and the institutionalized, were not surveyed. The general pattern of cluster scan results, moreover, indicates that, despite their low overall rates, Toronto and Montreal contain areas of high prevalence.
This may be related to neighbourhood differences in deprivation or disorganization, which have been shown to play a role in earlier work conducted in other jurisdictions. 16 The potential role of internal migration is an important consideration in the interpretation of these results. The patterns identified reflect differences in prevalence, rather than incidence, and may therefore be affected by migration after onset. They may reflect premorbid differences in movement patterns; if low-risk individuals in rural areas are more likely than their neighbours to move to major cities, for example, this would tend to lower prevalence in those cities and elevate it in rural areas. Both of these issues, however, may be more relevant to differences between large CMAs, small CMAs, and rural areas than to interprovincial or other large-scale differences.
Unexplained but highly significant geographical differences must be the result of unmeasured characteristics that vary spatially. As noted, these could include latitude or local policy; however, they could also reflect differences in the availability of alcohol or illicit drugs, in the accessibility of treatment, or in cultures. Nevertheless, regardless of the missing variables responsible, the results are consistent with a role for social context in the development or remission of problematic substance use.
Our results have implications for policy as well as research.
Variation within provinces and, in the case of the cluster analysis results, within cities underscores the importance of policy that is responsive to local needs and relevant to the local community. Moreover, although it can be dangerous to assign risks or characteristics to individuals on the basis of area differences, the substantial and unexplained variation in the background prevalence of problematic substance abuse may be large enough to make place of residence worth considering as an independent risk factor for substance-related problems.
Future Research
The pattern of geographical results suggests several areas for more detailed examination. The clustering of cases within cities, for example, supports small-scale analyses on urban centres. Examining neighbourhood variables such as disorganization and socioeconomic status may help identify risk factors and assist targeting and prevention. This type of analysis has yielded useful information on the role of place for other behavioural health issues, including problem gambling. 5 The pattern of differences also suggests that further research into the possible effect of higher latitudes on risk for substance-related problems may be merited. Existing work has provided some evidence of an association, 17, 18 and the evidence is somewhat stronger for mood disorders, 19 which often cooccur with substance use disorders. [20] [21] [22] Since population centres in western Canada are somewhat further north than those in the central and eastern parts of the country, this could be a fruitful area of research.
Finally, the role of immigrant settlement patterns should be investigated further. Our results indicate that immigrants have low rates of substance use problems and that this relation is likely to account for some of the apparent protective effect of living in major cities.
Limitations
The present study has several important limitations. The CCHS 1.2 made use of cluster sampling and was not generally intended to be representative at geographical units smaller than provinces. Caution should be used when interpreting the results for other regions and those which, like the interpolated map and cluster scans, ignore administrative divisions altogether. It should be noted, however, that sample sizes were reasonable, that the clustered sampling design has been taken into account, and that Statistics Canada has itself published results at the CMA level.
This study may also be affected by response bias, a common problem with surveys dealing with sensitive subjects. Respondents may have been unwilling to fully disclose their substance use or resulting problems owing to social desirability bias or concerns over confidentiality; this may be a particular concern in the present context, since the questions used to measure substance-related problems include items on neglecting children and impaired driving. Unfortunately, it is not possible with these data to determine the extent of this problem or to judge whether it is likely to play any role in the observed geographical differences.
As we have noted, the sampling frame of the CCHS 1.2 also excluded certain groups that may be particularly vulnerable to substance-related problems. These groups include individuals in institutions; homeless individuals; and residents of First Nations Reserves, the 3 territories, and other remote regions. Given the relatively high prevalence of problematic substance use and the small proportion of the total population represented by these groups, it is unlikely that the general pattern of results would be markedly different if they were included; however, we cannot exclude the possibility that some tests were affected by this sampling decision.
This study is also largely exploratory and descriptive. Although this is a reasonable approach with a large, crosssectional survey, it creates the risk of overfitting and precludes causal inferences. Potentially important variables that were not part of the analysis include neighbourhood characteristics and differences in policy, including prevention efforts, enforcement approaches, and the availability and use of specialized treatment. Finally, it is important to emphasize that the measure of disorder in this study is a broad measure of problematic substance use, approximating the DSM-IV criteria for substance abuse; it does not indicate the presence of dependence or the need for treatment.
Conclusion
Our results demonstrate that the prevalence of problematic substance use shows substantial geographical variation and that this variation is not explained by differences in known risk factors. These findings indicate some directions for future research and also underscore the need for policy that is flexible and locally relevant.
Résumé : La variation géographique de la prévalence de l'utilisation problématique de substances au Canada
Objectif : La prévalence des problèmes liés aux substances s'est révélée varier entre les provinces canadiennes, mais on en connaît peu sur le modèle des différences géographiques. Dans cette étude, nous modelons ces différences à l'aide de méthodes d'analyse spatiale et tentons de déterminer si elles s'expliquent par les facteurs de risque connus.
Méthodes : Nous utilisons les données du cycle 1.2 de l'Enquête sur la santé dans les collectivités canadiennes. Nous testons les différences interprovinciales, avant et après l'ajustement des covariables, et examinons également les différences entre les zones urbaines. Nous utilisons ensuite les techniques d'interpolation pour modeler la variation de prévalence sans référence aux frontières administratives. Enfin, nous exécutons un balayage d'un regroupement spatial pour les régions à prévalence élevée.
Résultats : La prévalence de l'utilisation problématique de substances est plus faible en Ontario et au Québec que dans le reste du pays. Ce modèle est attribuable principalement à la faible prévalence à Toronto, à Montréal et aux régions environnantes. La prévalence est plus élevée dans les villes de taille moyenne que dans les grandes villes ou les régions rurales. L'utilisation problématique de substances montre un degré assez élevé de regroupement spatial, surtout dans les grandes villes. Les différences interprovinciales et les regroupements ne sont généralement pas expliqués par les facteurs de risque connus.
Conclusions :
Le modèle des différences à grande échelle concorde avec la recherche existante et fait probablement partie d'une plus grande disparité entre les régions du Canada. La persistance de la variation après ajustement des covariables suggère l'influence de facteurs non mesurés, variant géographiquement, pour lesquels il existe plusieurs candidats, dont la latitude et les modèles d'établissement des immigrants.
